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Analysing polynucleotide sequences 

This is a CIP of Serial No. 07/573,317 filed 
September 28, 1990. 

1, INTRODUCTION 

Three metiiods dominate molecular analysis of 
nucleic acid sequences: gel electrophoresis of 
restriction fragments, molecular hybridisation, and the 
rapid ONA sequencing methods. These three methods have 
a very wide range of applications in biology, both in 
basic studies, and in the applied areas of the subject 
such as medicine and agriculture. Some idea of the 
scale on which the methods are now used is given by the 
rate of accumulation of DNA sequences,' which is now 
well over one million base pairs a year. However, 
powerful as they are, they have their limitations. The 
restriction fragment and hybridisation methods give a 
coarse analysis of an extensive region, but are rapid; 
sequence analysis gives the ultimate resolution, but it 
is slow, analysing only a short stretch at a time. ... 
There is a need for methods which are faster than the 
present methods, and in particular for methods which 
cover a large amount of sequence in each analysis. 

This invention provides a new approach which 
produces both a fingerprint end a partial or complete 
sequence in a single analysis, and may be used directly 
with complex DNAs and populations of RNA without the 
need for cloning. 

In one aspect the invention provides 
apparatus for analysing a polynucleotide sequence, ■ 
comprising a support and attached to a surface therof 
an array of the whole or a chosen part of a complete- 
set of cligo nucleotides of chosen lengths, the 
different oligonucleotides occupying separate cells of 
the array and being capable of tak ing-'part in 
hybridisation reactions. For studying differences 
between polynucleotide sequences, the invention- 
provides in another aspect apparatus comprising a 
support and attached to a surface therof an array of 
the whole or a chosen part of a complete set of 
oligonucleotides of chosen lengths comprising the 
polynucleotide sequences, the different ^ 



oligonucleotides occupying separate cells of the array 
and being capable of taking part in hybridisation 
reactions . 

In another aspect, the invention provides a 
method of analysing a polynucleotide sequence, by the 
use of a support to the surface o^ which is attached an 
array of the whole or a chosen part of a complete set 
of oligo nucleotides of chosen lengths, the different 
oligonucleotides occupying separate cells of the array, 
which method comprises labelling the polynucleotide 
sequence or fragments thereof to form labelled 
material, applying the labelled material under 
hybridisation conditions to the array, and'observ i ng 
the location of the label on the surface associated 
with particular members of the set of oligonucleotides. 

The idea of the invention is thus to provide 
a structured array or' the wnole or a chosen part of a 
complete set of oligonucleotides of one or several 
chosen lengths. The array, which may be laid out on a 
supporting film or class plate, forms the target for a 
hybridisation reaction. The chosen conditions of 
hybridisation and tne length of the oligonucleotides 
must at all events oe sufficient ^^or the available 
equipment to be able to discriminate between exactly 
matched ana mismatched oligonucleotides. In the 
hybridisation reaction, the array is explored by a 
labelled probe, which may comprise oligomers of the - 
chosen length or longer polynucleotide sequences or 
fragments, and whose nature depends on the particular 
application. For example, the probe m^ay comprise 
labelled sequences amplified from genomic ONA by the 
polymerase chain reaction, or a mRNA population, or a 
complete set of oligonucleotides from a complex 
sequence such as an entire genome. The end result is a 
set of filled cells correspond ing . to the 
oligonucleotides present in the analysed sequence, and 
a set of '-empty" sites corresponding to the^sequences 
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which are absent in the analysed sequence. The pattern 
produces a fingerprinu representing all of the sequence 
analysed. In addition, it is possible to assemble 30st 
or all of the sequence analysed if an oligonucleotide 
5 length is chosen such that most or all oligonucleotide 
sequences occur only once. 

The number, the length and the sequences of the 
oligonucleotides present in the array "lookup table" 
also depend on the application. The array may include 
1C all possible oligonucleotides of tne chosen length, as 
would be required if there was no sequence information 
on the sequence to be analysed. In this case, the 
creferred length of oligonucleotide used depends on the 
length of the sequence to be analysed, and is such that 
15 rnere is likely to be only one copy of any pa r t i cu la r 
oligomer in the sequence to be analysed. Such arrays 
are large. If there is any information available on 
the sequence to be analysed, the array may be a 
selected subset. For the analysis of a sequence which 
2C is known, the size of the array is of tne same order as 
length of tne sequence, and for "any applications, sucn 
as the analysis of a gene for mutations, it can oe 
ruite small. These factors are discussed in detail in 
vhat follows. 

2, " OLIGONUCLEOTIDES A3 SEQUENCE PROBES 

Oligonucleotides form base paired duplexes with 
oligonucleotides which have the complementary base 
sequence. The stability of tne duplex is dependent on 
the lenJ^th of the o 1 i go n.u c 1 e o t i t e s anti on base 
composition. Effects of base ccmposition on duplex 
stability can be greatly reducet by tne presence cf 
high concentrations of quaterr.ary or tertiary amines. 
However- there is a strong effe:t of mismatches in tne 
: 1 igonuclectides duplex on tna thermal stability cf the 
nybrid, and it is this which makes the technique of 
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hybr idisat^ion with oligonucleotides such a powerful 
metnod for the analysis of rnutatio ns^ ^nd for the 
selection of specific sequences for amplification by 
ONA polymerase chain reaction. The position of the 
ruisrnatcn affects the degree of destabilisation. 
Misaatcnes in the centre of the duplex may cause a 
lowering of the Tm by 10°C compared with for a 

terminal mismatch. There is then a range of 
discr irsinat ing power depending on the position of 
mismatch, which has implications for the method 
described here. There are ways of iniproving the 
di s c r iri na t ing power, for example by carrying out 
hyoricisation close to the Tm of the duplex to reduce 
the rate of formation of mismatched duplexes, and by 
increasing the length of oligonucleotide beyond what is 
required for unique representation. A way of doing 
this systematically is discussed. 
3. ANALYSIS OF A PREDETERMINED SEQUENCE 

One of the most powerful uses of oligonucleotide 
20 probes r. as been in the detection of single base changes 
in hur:an genes. The first example was zhe detection of 
the single base change in the betaglocin gene which 
leads zz sickle cell disease. There is a need to 
extenc this approach to genes in whicr. there may be a 
25 number of different mutations leading co the same 

phenotype, for example the DMD gene and the HPRT gene, 
and to find an efficient way of scanning the human 
genome for mutations in regions which have been shown 
by linkage analysis to contain a disease' locus for 
30 example Huntington's disease and Cystic Fibrosis. Any 
known sequence can be represented comrleteiy as a set 
of overlapping oligonucleotides. The size of the set 
is U s -f 1 csr M J where N is the 1 e n g t r. c f the sequence 
and s is the length of an oligomer. A gene of 1 k b for 
3^ example, may be divided into an overlapping set of 



around one tnousand oligonucleotides of any cn^sen 
length. An array conscructed with each of ese 
oli go nucleotides in a separate cell can be used, as a 
multiple hybridisation probe to examine the hczologcus 
sequence in'ar.y context, a single -copy gene in the hurra n 
genocae or a messenger RNA among a mixed RNA pcpulatioaj 
for example. The length s may be chosen such that 
there is only a small probability that any olirotner in 
the sequence is represented elsewhere in the sequence 
to be analysed* This can be estimated from the 
expression given in the section discussing statistics 
below. For a less complete analysis it would be 
possible to reduce the size of the array e.g. by a 
factor of up 5 by representing the sequence in a 
partly or ncn -c ve r 1 a pp i ng set. The advantage cf using 
a completely overlapping set is that it provides a more 
precise location of any sequence difference^ as the 
mismatch will scan in s consecutive oligonucleotides* 
^. ANALYSIS Dr AK aNDETSRMINE 0 SEQUENCE 

The gen ones of all free living organiszs are 
larger than a - i 1 1 1 o n base pairs and none has yet been 
sequencec cc-pleceiy. Restriction site flapping reveals 
only a s - a 11 part of t n e sequence, and can zezezt only 
a small portiz^n of mutations when use a to ccrpare two 
genomes. More efficient, niet hods for analysing complex 
sequences .are needed to brxns the full power cf 
molecular' generics to bear on the many biological 
problems for vnich there is no direct access to the 
gene or genes involved. In many cases.-' the full 
sequBr.ce of tne nucleic acids need not be determined; 
the 1 m p o r t a r: - sequences are these w h i c n differ b e t w a e n 
two nucleic acids. To give three examples: tne DNA 
sequences w n i : n are different between a w 1 1 : type 
organism and :ne which carries a mutant can lead the 
way to isolation of the relevant gene; similarly, the 
sequence differences between a cancer cell and its 



normal counterpart can reveal the cause of transfer- 
rnation; and the RNA 5e:;uences which differ between tw 
ceil types point to tne functions which distinguisn 
theT_ These problems can be opened to jiolecular 
analysis by a set hod vnich identifies sequence 
differences. Using tne approach outlined here, such 
differences can be revealed by hybridising the two 
nucleic acids, for exanple the genomic DMA of the two 
genotypes, or the nHNA populations of two cell types 
an array of oligonucleotides which represent all 
possible sequences. Positions in the array which are 
occupied by one secue-ze but not by the other show 
differences in two sequences. This gives the sequenc 
information needed to synthesise probes which can the 
be used to isolate clones of the sequence involved. 
4.1 ASSEMBLING. THE SZCUSHCE INFORMATION 

Sequences can be reconstructed by examining the 
result of hybridisation to an array. Any oligonuclec 
tide of length s fror within a long sequence, cverlao 
witn two oi:hers over a length s-1. Starting from eac 
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in the 
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sequence complexity z 
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but for the present purpose, this factor of two is not 

signi ficant ) . For o I igo nu 1 e o t i de s of length s, there 
. s 

are 4 different sequence ccroi nations. How big shoulci 
3 be to ensure that rtiost oligonucleotides will be 
represented only once in tne sequence to analysed, 
of complexity N? For a random sequence the expected 
number of s-cners which will be present in more than one 
CO p y is 

where 

A = (,V-j4-l)/4^ 

For practical reasons it is also useful to know 
how many sequences are related to any given s-cner by a 
single base cnange. Each position can be substituted 
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15 



20 



25 



to analyse sequences of different conpIexLty it is 
convenient to tnink of the array as = square niatrix. 
All sequences of a given length can oe represented just: 
once in a matrix constructed by drawing four rows 
rerresenting the four bases, followed oy four similar 
colu=ins. This produces a 4 x 4 matrix in which each of 
the 16 squares represents one of the 16 doublets. Four 
similar matrices, but one quarter tre size, are then 
drawn within each of the original squares. This 
produces a 16 x 16 matrix containing all 256 tetra- 
nucleotide sequences. Repeating this process produces 
a -atrix of any chosen depth, s, witn a nu::iber of cell: 
equal to , As discussed above, tne cnoice of s is o 
great importance, as it detertnines tne cornplexity of 
the sequence representation. As discussed below, s 
also detertnines the size of the matrix constructed, 
which must be very big for complex genomes. Finally, 
the length of the oligonucleotides determines the 
hybridisation conditions and their :i i s c r imina t ing powe 
as h V b r i d i s a t i 0 n probes. 
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The ^able snows tne expected scale cf the arrays 
needed to ^erCorzi tne first analysis of a few genomes. 
The examples were chosen because they are genomes which 
ha'/e either been sequenced by conventional procedures - 
the cosmic scale are in the process of being 
sequenced - the E, coii scale or for .which there has 

considerable discussion of the magnitude of the problem 
- the human scale, the table shows that the expected 
scale of tne matrix approach is only a small fraction 
of the conventional approach. This is readily seen in 
the area of X-ray film that would be consumed. It is 
also evident tnat the time taken for the analysis would 
be only a small fraction of that needed for gel 
methods. The "Genomes" column shows the length of 
random sequence which would fill about 5% of cells in 
tne matrix. This has been determined to be the optimum 
condition for the first step in the sequencing strategy 
discussed below. At this size, a high proportion of 
the positive signals would represent single occurrences 
of each oligomer, the conditions needed tc compare two 
genomes for sequence differences. 
5. REFINEMEN'T Or AN INCOMPLETE SEQ'dEl^CI 

Reconstruction of a com. plex sequence produces a 
result in vnich tne reconstructed sequence is 
interrupted at any point where an oligomer tnat is 
repeated in.- the sequence occurs. Some repeats are 
present as components of long repeating structures 
which form part c f the structural organisation of the 
DMA, dispersed and tandum repeats in human ZVi k for 
example. E u t when the length of o 1 i g o n u c 1 e :: t i d e used 
in zhe matrix is smaller t n a n that n e e d e :! z z give 
totally unique sequence representation, repeats occur 
by c n a n c e . Such repeats are likely to c e isolated. 
That is, tne sequences surrounding Che repeated 
oligomers are unrelated to each other. The' gaps cause:! 
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by these repeats can be removed by extending' the 
sequence to longer oligomers. In principle, tino^e 
sequences shown to be repeated by the first analysis, 
using an array representation of all possible 
5 oligo^iers, could be r e s y n t he s i s e d with an extension at 
eacn end. For eacr. repeated oligomer, there would be A 
X 4 = 15 oligomers in the new niatrix. The 
hybricisation analysis would now be repeabed until *ne 
sequence was complete. In practice, because the 
''0 results of a positive signal in the hybridisation ray 

be ambiguous, it 21a y be better to adopt a refinement of 
the first result by extending all sequences whicr. cid 
O not give a clear negative result in tre first analy-is. 

An aavantage of this aoproach is that extending tne 
ff: 1::' sequence brings siisratches whicn are close t,o ^ne encs 

[n in the shorter oligorcer, closer to the centre in tne 

extended oligomer, increasing the discriminatory cover 
ofduplexformation* 

5.1 A HYPOTHETICAL AJULYSI3 Or THE SEQUENCE OF 
O 20 BACTERIOPHAGE \ DNA 

,5 Lasbda phage 2Kk is ^3,502 base pairs long. 

sequence nas been ccrpletely d e c e r i n e d , we have 
J3 treated one stranc of this as a zesz case in a cc-puter 



01 



simulation of the analysis. The taole shows thai ir.e 
25 ap'propriate size of oligomer to use for a sequence zf 
this complexity is ihe 10-mer. With a natrix of 11- 
r:ers, the size was '024 lines square. After 
"hybridisation" of the la nib da iO-r:ers in the coriuier, 
^6,277 cells were pcsitive, 1957 had double' 
30 occurrences, 75 triple occurrences, and three quiirupl^ 
occurrences. These -^ 6,377 positive cells represenied 
known s e q u e n c e s ^ d e " e r 21 i n e d f r o their position in me 
-atrix. Each was extended by four x one base at tne 3' 
end and four x one case at the 5'. end to give Id x 
35 ^5,377 = 7^2,032 cells. This extended set reduced tne 
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numoer of double occurrences to l6l, a farther 16- 

fold extension brought tr. e number down to 10, and one 

more provided a completely overlapped result. Of 

course, the sacne end result of a fully overlapped 

1 6 

5 sequence could be achieved starting with a 4 matrix, 
but the matrix would_be UCOO times bigger than the 
matrix needed to represent all 10-mers, and most of the 
sequence represented on it would be redundant. 
5-2 LAYING DOWN THE MATRIX 

10 The method described here envisages that the 

matrix will be produced by synthesising oligonucleotides 
in the cells of an array by laying down the precursors 
for the four bases in a predetermined pattern, an 
example of which is described above. Automatic 

'5 equipment for applying tne precursors has yet to be 
developed, but there are obvious possibilites; it 
should not be difficult tc adapt a pen plotter or other 
computer-controlled printing device to the purpose. 
The smaller the pixel size of the array the better, as 

20 complex genomes need very large numbers of cells. 

However, there are limits zc how small ^hese can be 
made. 100 microns would :e a fairly comfortable upper 
limit, but could probanly net be acnieved on paper for 
reasons of texture and diffusion. On a smooth 
impermeable surface, sucn =s glass, it may be possible 
to achieve a resolution cf around 10 microns, for 
examole by using a laser typesetter to preform a 
solvent r e p e 1 1 a n t grid, an: building the oligonucleo- 
tides in the exposed recirns. One attractive 

-Q possibility, which allows acaptaticn of present 

techniques of oligonuclec'ide 3:/n thesis, is tc sinter 
microporous glass in micrcsccpic patches onto tne 
surface of a glass plate, laying down very large 
number cf lines or dots ciuld take a long time, if tne 

- X printing mechanism were slow. However, a low cost ink- 
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jet printer can print at speeds of about 10^000 spots 

8 

per second. With this sort of speed/ 10 spots could 
be printed in about three hours. 

5 5.3 OLIGONUCLEOTIDE SYNTHESIS 

There are several methods o£ synthesising 
oligonucleotides. Most methods in current us^ attach 
the nucleotides to a solid support of controlled pore 
sise glass (CPG) and are suitable for adaptation to 

TO synthesis on a glass surface. Although we know of no 
description of the direct use of oligonucleotides as 
hybridisation probes while still attached to the matrix 
on which they were synthesised, there are reports of 
ths use of oligonucleotides as hybridisation probes on 

-J 5 solid supports to which they were attached after 

synthesis. PCT Application WO 85/01051 describes a 
jtt^hod for synthesising oligonucleotides tethered to a 
CPG column. In an experiment performed by us, CPG was 
used as the support in an Applied Bio-sytems 

2Q oligonucleotide synthesiser to synthesise a 13-mer 
complementary to the left hand cos site of phage 
lambda. The coupling steps were all close to 
theoretical yield. The first base was stably attached 
to the support medium through all the synthesis and 

25 deprotection steps by a covalent linX. 

5 . 4 ANALYSING SEVERAl' SEQUENCES SIMULTANBOUSE^Y 

The method of this invention can be used to 
analyse several polynucleotide sequences 
simultaneously* To achieve this, the oligonucleotides 
may be attached to the support in the form of - (for 
example) horizontal stripes. A technique for doing 
this is described in Example 3 below. Each D^fA sample 
to be analysed is labelled and applied to the surface 
25 carrying the oligonucleotides in the fom of a. stripe 
(e.g- vertical) orthogonal to the oligonucleotide 
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s tripes of tae array* Hybridisation is seen at the 
intersections between oligonucleotide stripes and 

between them. 

5 Where sequence variations are known, an 

advantage of using this technique is that many 
different mutations can be probed siimiltaneously by 
laying down stripes corresponding to each allielic 
variant. With a density of one oligonucleotide per 
rtm, and one "individual" per 5 mm, it should be 
possible to analyse 2000 loci on a plate 'l 00 mm square. 
Such a high density of information, where the 
oligonucleotides do identify specific allelesi, is not 
available by other techniques, 

15 

6. PROBES^ HYBRIDISATION AETO DETECTlOl^ 

The yield of oligonucleotides synthesized on 

microporous glass is about 30 iimol/g. A patch of this 

material 1 micron thick by* 10 microns square would hold 
-12 - 

2Q 3 X 10 pnol, equivalent to about 2 g of human 
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DNA. The hybridisation reaction could tnerefore be 
carried out. with a very large excess c : 'r, e bound 
oligonucleotides over that in the probe. So it should 
be possible to design a system capable of 
5 distinguishing between hybridisation involving single 
and multiple cccurrances of the probe sequence, as 
yield will be proportional to concentration at all 
stages in tl:,e.^ r ea c t i on , 

The polynucleotide sequence to be analysed may be 

10 of DMA or RNA. To prepare the probe, me polynucleotide 
may be' degraded to form fragments. Preferably it is 
degraded by a method which is as randcw =s possible, to 
an average lengtn around the chosen leng:r, s of the 
oligonucleotides on the support, and oligomers of exact 

15 length s selected by electro pnoresis or. = sequencing 

gel. The probe is then labelled. For example, 

oligonucleotides of length s may be end labelled. If 
32 

labelled vith" ?, the radioactive yield of any 
individual s-mer even from total human DKA could be 

20 more than iG^ dpm/mg of total DMA. For detection, only 
a small fraction of tnis is needed m a :atch 10-10 0 
microns square. This allows hy b r i d i 3 a t i : n conditions 
to be cnosen to be close to the Tm of cuplexes, which 
decreases tre yield of hybrid and decreases the rate of 

25 formation, but increases the discriminating power. 

Since the b"ou nd oligonucleotide is in excess, signal 
need not be a problem even working close to 
equilibrium. 

Hybridisation conditions can be cr.c s ~r. to be those 
50 known to be suitable in standard proce::ur5s used to 
hybridise to filters, but establishing citimum 
conditions is important. In particular, temoerature 
needs to be controlled closely, preferatl;.* to better 
_j^0.5"C. Particularly when the cncser. length of 
35 the oligonucleotide is small, the analysis needs to be 
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able to distinguish between slight differences of rate 
and/or sxtsnt of hybridisatioa. The equipme&t may need 
to he progratmed for differences in ftase comj^osition 
between different oligonucleotides. lu constructing 
5 the array, it may be prefsrable to partition this into 
sub-!tiatrices with similar base compositions. ' This may 
make it easier to define the Tm which may dififsr 
slightly according to the base composition. 
The choice of hybridisation solvent is 

10 significant. When 1M NaCi is used, G:C base pairs are 
more stable than AtT base pairs. Double stranded 
oligonucleotides with a high G+Ccontent have a higher 
Tm than corresponding oligonucleotides with a high A+T 
content. This discrepancy can be compensated in 

15 various ways: the amount of oligonucleotide .laid down 
on the surface of the support can be varied depending 
on its nucleotide composition; or the computer used to 
analyse the data can be programmed to compensate for 
variations in nucleotide composition. A pref:erred 

2Q method, which can be used either instead of or in 
addition to those already mentioned^ is to use a 
chaotropic hybridisation solvent, for example: a 
quarternary or tertiary amine as mentioned above. 
Tetramethylammoniuruchioride {TMACl) has proved 

25 particularly suitable, at concentrations in the range 2 
M to 5.5 At TMACl concentrations around 3,. 5 M to 4 

M, the T^ dependence on nucleotide composition is 
greatly reduced. 

The nature of the hybridisation salt used also has 

2Q a major effect on the overall hybridisation yield. 

. Thus, the use of TMACl at concentrations up to 5 M can 
increase the overall hybridisation yield by a factor of 
30 or more (the exact figure depending to some -extent 
on nucleotide composition) in comparison with 

25 hybridisation using 1m NaCl. Manifestly, this has 
important implications; for example the amount of 
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probe material that needs to be used to achieve a given 
signal can be much lower, 

32 

Autoradiography, especially with P causes image 
degradation which may be a limiting factor 'determining 
J resolution; 'the limit for silver halide films is around 
25 microns. Obviously some direct detection system . 
would be better. Fluorescent probes are envisaged; 
given the high concentration of the target 
oligonucleotides, the low sensitivity of fluorescence 
itiay not bo a problem. ■ 

We have considerable experience of scanning auto-- 
radiographic images with a digitising scanner. Our 
present design is capable of resolution down to 25 
microns, which could readily be extended down to less 
than present application, depending on the quality of- 
the hybridisation reaction, and how good it is at 
distinguishing absence of a sequence from the presence 
of one or more. Devices for measuring astronomical 
plates have an accuracy around I p\ Scan speeds are 

2Q such that a matrix of several million cells can be 

scanned in a few minutes. Software for , the analysis of 
the data is straight-forward, though the large data 
sets need a fast computer. 

Experiments presented below demonstrate the 

25 feasibility of the claims. 

Commercially available microscope slides (BDH... 
Super Premium 76 x 26 x 1 mm) were used as supports. 
These were derivatised with a long aliphatic linker 
that can withstand the conditions used for the 
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deprotection of the aromatic heterocyclic bases, Ue. 

30% NH at 55*^ for 10 hours. Tne linker, bearing a 
3 

hydroxy! group which serves as a starring point for the 
subsequent oligonucleotide, is synthesised in two 
steps. The slides are first treated with a 25% 
solution of S-glycidcxypropyltriethoxysi lane in xylene 
containing several drops of Hunig's base as a catalyst. 
The reaction is carried out in a staining jar, fitted 
with a drying tube, for 20 hours at 90 C. The slides 
are washed with MeOH, Et 0 and air dried. Then neat 
hexaethylene glycol and a trace amount or cone, 
sulphuric acid are added and the mixture kept at 30 
for 20 hours. The slides are washed with MeOH, Et 0 
air dried and stored desiccated at -20 until use. 
This preparative technique is described in British 
Patent Application 8822228,5 filed 21 September 1988. 

The oligonucleotide synthesis cycle is performed 
as follows; 

The coupling solution is made up fresh for each 

step by mixing 5 vol. or' 0.5M tetrazole in anhydrous 

acetonitrile with 5 vol. c:' a 0.2M solution of the 

required beta-cyancethy 1 ;:hosphorani d i te . Coupling tin 

is three minutes. Oxidation with a 0.1M solution 

of I in THF/pyr idine/H 0 yields a stable phospho- 

2 2 ' ' 

triester bond. Detrity lation of the 5' end with 3% 

trichloroacetic acid in dichloromethane allows further 

extension of the oligonucleotide chain. There was nc 

capping step since the excess of phosthoramidites used 

over reactive sites on the slide was large encugP! tc 

drive the coupling to ccrr.: 1 et i on . Af-ter the synthesi 

is completed, the oligonucleotide is ceprotected in 30 

NH^ for 10 hours at 55^, The chemicals used in the 

coupling step are mo i s t u r e- s en s i t i ve , and this critica 

step must be performed uncer annydrous conditions in a 

sealed container, as fcllcws. The shape of the patc^ 
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^0 be synthesised was cut out of a sheet of silicone 
rubber (76 x 25 x 0.5 mm) which vas sandwiched between 
a microscope slide, derivatised as described above, and 
a piece of teflon of the same size and thickness. To 
this was fitted a short piece of plastic tubi'ng that 
allowed us to inject and withdraw the coupling solution 
by syringe and to flush the cavity with Argon* The 
whole assembly was held together by fold-back paper 
clips. After coupling the set-up was disassembled and 
the slide put through the subsequent chemical reactions 
(oxidation with iodine, and detr i ty 1 at i on by treatment 
'Aith TCA) by dipping it into staining jars. 
EXAMPLE 1 , 

As a first example we synthesised the sequences 

oligo-dT -oligo-dT on a slide by qradually decreasina 

the level of the coupling solution in steps 10 to 14. 

Thus the 10-mer was synthesised cn the upper part of 

the slide, the 14-mer at the bottom and" the 11, 12 and 

iS-mers were in between. We used 10 pmol oliao-dA 
20 32 12 

labelled at the 5' end with P by the polynucleotide 

<inase reaction to a total activity of 1.5 million 

c.D.m., as a hybridisation orobe. Hybridisation was 

carried out in a perspex (Plexiclas) container made to 

-it a microscope slide, filled nith 1,2 ml of 1M NaCl 

^5 in TE, 0.1% SOS, for 5 minutes a* 20 . After a... short 

rinse in the same solution with:'jt o 1 i gonuc 1 eot i-de , we 

were able to detect more than 2CjO c.p.s. with a 

radiation monitor. An autorac 1 : craph. ..showed that all 

the counts came from .the area were the oligonucleotide 

'^ad been synthesised, i.e. the-e was no non-specific 

binding to the glass or to the '-egion that had been 

cerivatised with the linker only. After partial 

elution in Q.I M NaCl differential binding to the 

target is detectab I e i . e . less binding to the shorter 

tnan the longer ollgo-dT. By :-adualIy heating the 



slide in the wash solution we determined the T (mid- 

cm 

point transition when S0% eluted) to be 33 , There 

0 

were no counts detectable after incubation at 39 , 
The hybridisation and melting was repeated eight ti<T,es 
with nc dii-ninution of the signal. The result is 
reproducible. We estimate that at least 5% of the 
input counts were taken up by the slide at each cycle- 
EXAMPLE 2. 

In order to determine whether we would be able to 
distinguish between matched and mismatched oligo- 
nucleotides we synthesised two sequences 3' CCC GCC GCT 
6GA (cosL) and 3' CCC GCC TCT GGA, which d'iffer by one 
base at oosition 7, All bases except the seventh were 
added in a rectangular patch. At the seventh base.., 
half of the rectangle was exposed in turn to add the 
two dif-^erent bases, in two stripes. Hybridisation of 
cosR orcbe o 1 i aonuc 1 eot i de (5' GGG CGG CGA. CCT) (kinase 
labelled with- P to 1.1^million c.p.m., 0.1 M NaCl , 
TE, SDS) was for 5 hours at 32^. The front of the 

slide showed 100 c.p.s. after rinsing. Autoradiography 
showed that annealing occurred only t: the part of the 
slide with the fully co-^ip lementary o 1 i c : n uc 1 eot i de . 
No signal was detectable on the oatch /.ith the 
mismatcred sequence, 

EXAMPLE 3. 

For a further study of the effects of mismatches 
or shorter sequences on hybridisation behaviour, we 
constructed two arrays; one (a) of 2^ ^c ; : gonuc 1 eot i des 
and the ether (b) of 72 oligonucleotides. 

These arrays were set out as shown in Table 1(a) 
and 1(b!. The masks used to lay down tnese arrays were 
dif'^erer.t from those used in previous exteriments. 
Lengths cf silicone rubber tubing (Imr. c.d.) were glued 
with silicone rubber cement to the sur-^ce of plain 
microsccie slides, i"n the form of a "U". Clamping 
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these masks against a derivatised microscope slide 
produced a cavity into which the coupling solution was 
introduced through a syringe. In this way only the 
part of the slide within the cavity came into contact 
with the phcsohcramidi te solution. Except in -he 
positons of the mismatched bases, the arrays listed in 
Table 1 were laid down using a mask which covered most 
of the width of the slide. Off-setting this cask by 
3mm up or down the derivatised slide in subsequent 

'^^ coupling reactions produced the o 1 i g nuc 1 eot i de s 
truncated at the 3' or 5' ends- 

For the introduction of mismatches a 'mask was used 
which covered half (for drr^y (a)) or one third (for 
array (b)) of the width of the first mask. The bases 
at positions six and seven were laid down in two of 
three longitudinal stripes. This led. to the synthesis 
of oligonucleotides differing by one base on each half 
{array (a)) or third (array (b)) of the slide. In 
other positions, the sequences differed from the 

2° longest sequence by the absence of bases at the ends. 

In array (b), there were two columns c' sequences 
between those shown in Table 1(b), in wnich the sixth 
and seventh bases were missing in all positions, 
because the slide was masked in a stripe by t'-.e 

^5 silicone rubber seal* Thus there were a total of, 72 
different sequences represented on the slide 1". $0' 
different positions. 

The 19-mer 5^ CTC CTG AGG AGA AGT CTG C a-s used 
for hybridisation (2 million cpm, 1.2 'ml O/i*^: \aCl in 
TE, 0.1% SDS, 20^) . 

The washing and eluticn steps were relieved by 
autoradiography. The slide was kept in the washing 
solution for 5 min at each elution step and tren 
exposed (45 rr.in, intensified). Elution ter.pe^etures 

.0 

were 23, 36, ^2, 47,'55-and 60 C respectively. 



As indicated in the table, the oligonucleotides 
showed different meltina behaviour. Short oligo- 
nucleosides melted before longer ones, and at 55 C, 
only the perfectly matched 19-mer was stable, all othe 
oligonucleotides had been eluted. Thus the method ca 
differentiate between a 18-mer and a 19-mer which 
differ only by the absence of one base at the end. 
Mismatches at the end of the oligonucleotides and at 
internal sites can ail be melted under conditions wher 
the perfect duplex remains. 

Thus we are able to use very stringent 
hybridisation conditions that eliminate annealing to 
mismatch sequences or to oligonucleotides differing i. 
length by as little as one base. No other method usii 
hybridisation of oligonucleotides bound to the solid 
supports is so sensitive to the effects of mismatching 
EXAMPLE 4. 

To test the application of the invention to 
diagnosis of inherited diseases, we hybridised the 
array (a), which carries the oligonucleotide sequence 
specific for the wild type and the sickle cell mutaci 
of the P -globin gene, with a 110 base pair fragment 
DNA amolified from the P -clobln gene by means of the 
polymerase chain reac-icn (PCR). Total DNA from the 
blood of a normal individual (1 microgram) was 
amplified by PCR in the presence of appropriate prime 
oligonucleotides. The resulting 110 base pair fragme 
was purified by elecrccnores i s through an agarose gel 
After elution, a sma l.I^samp I e (ca. lO'picogram) was 
labelled by using ^ -""P-dCTP (50 microCurie) in a 
seco-nd PCR reaction. This PCR contained only the 
upstream priming o 1 i ccnuc 1 ect i de . After 50 cycles c* 
amplification with an extension time of 9 min. the 
product was removed -r:m precursors by gel filtratic" 
Gel el ectrophores i s' c- -the radioactive product showec 
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major band corresponding in length to the 110 base 
fragment. One Quarter of this oroduct (100,000 cp.m, 
in 0.9 M NaCl, IE, O.n SDS) was hybridised to the 

0 

array (a). After 2 hours at 30 ca. 15000 c.p,m. had 
5 been taken ud. The melting benaviour of the hybrids 
was followed as described for the 19-mer in example 3, 
and it was found that the melting behaviour was similar 
to that of the oligonucleotide. That is to say, the 
mismatches considerably reduced the melting temperature 
of the hybrids, and conditions were readily found such 
that the perfectly matched duolex remained =whereas the 
mismatched duclexes had ^ully "elted. 

Thus the invention can be used to analyse long 
fragments of DNA as well oligonucleotides, and this^ 
'5 example shows how it may be used to test nucleic acid 

sequences for mutations. In particular it shows how it 
may be applied to the diagnosis of genetic diseases. 
EXAMPLE 5. 

To test an automated system for laying down the 
precursors, the cost oligonucleotide was synthesised 
with 11 of the 12 bases added in the way described 
above. For the addition o* tre seventh base, however, 
the slide was transferred int: an Argon filled chamber 
containing a pen plotter. T:-r pen of the plotter had 

25 been replaced by a component, -abricated from Nylpn, 

which had the same shape and dimensions as the pen, but 
which carried^a po 1 y t et r af 1 uc r : et hy 1 ene (PTFE) tube, 
through which chemicals could be delivered to the 
surface of the class" slide wh::h lay on the bed of the 

3'^' plotter. A microcomputer was used to control th.e 
plotter and the syringe pu mc >^.'■ich delivered the 
chemicals. The pen, carrying the delivery tube from 
the syringe, was moved into cosition above the slide, 
t'^^e pen was lowered and the pu-o activated to l-ay down 

55 coupling solution. ■'' Filling fe pen successively with 
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G, T and A phosphoramidite solutions an array of twelve 
spots was laid down in three groups of four, with three 
different oligonucleotide sequences. After 
hybridisation to cosR^ as described in Example 2, and 
autoradiography, signal was seen only over the four 
spots of perfectly matched oligonucleotides, where the 
dG had been added. 
EXAMPLE 6 

This example demonstrates the technique of 
analysing several DNA sequences simultaneously. Using 
the technique described in Example 3, a slide was 
prepared bearing six parallel rows of oligonucleotides 
running along its length. These comprised duplicate 
hexadecamar sequences corresponding to antisense 
sequences of the p-globin wild-type (A), sickle cell - 
(S) and C mutations- 

Clinical samples of AC, AS and SS DNA were 
procured. Three different single -stranded probes of 
110 nt length with approx, 70,000 c.p.ni, in 100 jil 1M 
NaCi, TE pH 7,5, 0,1% SDS, viz AC^ AS, and SS; DNA were 
prepared. Radiolabelled nucleotide was included in the 
standard PGR step yielding a double- stranded labelled 
fragment- It was made single-stranded with 
Bacteriophage \ exonuclease that allowed to selectively 
digest one strand bearing a 5' phosphate. This was 
made possible by phosphcrylating the downstream primer 
with T4 Polynucleotide kinase and ("cold") ATP prior to 
PGR. These three probes were applied -as three stripes 
orthogonal to the surface carrying the six 
oligonucleotide stripes. Incubation ^^as at 30 *C for 2 
hours in a moist chamber. The slide was then rinsed at 
ambient temperature, then 45 'C for 5 minutes and 
exposed for 4 days with intensification. The genotype 
of each clinical sample was readily determined from the 

autoradiographic signals at the points of intersection* 

35 ... ' . 



20 



25 



30 



-24- 



A plate was prepared whose surface carried an 
array of ail 256 octapurines. That is to say,, the 
array comprised 256 oligonucleotides each con'sisting 
of a different S6g[iience of A and G nucleotides . , This 
array was probed with a mixture comprising all 256 
octapyrimidines, each end labelled by means of 
polynucleotide kinase and y-^^P-ATP. Hybridisation 
was performed for 6 - S hours at 4*C, 

In consecutive experiments the hybridisation 
solvent was changed through the series 1M NaCl 
(containing 10mM Tris.KCl pH 7.5, liuM EDTA, 7|% 
sarcosine) and 2K, 3M, 4M, 5M and 

5.5M TMACl (all containing 50mH Tris.HCl pH a.*0, 2mM 
EDTA, SDS at less than 0*04 mg/inl) * The plates was 
rinsed for 10 minutes at 4*C in the respective solvent 
to remove only loosely matched moleouleS/ sealed in a 
plastic bag and exposed to a Phorphorlxnager storage 
phosphor screen at 4'C overnight in the dark. 

The following table quotes relative signal 
intensities, at a given salt concentration, of hybrids 
formed with oligonucleotides of varying a content* In 
"this table, the first row refers to the oligonucleotide 
GGGGGGGG, and the last row to the oligonucleotide 
AAiUU^A. It can be seen that the difference in 
response of these two oligonucleotides is marked in 1M 
NaCl, but much less marked in 3M or 4M TMACl. 
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Relative Intensit ies at given Salt C oncenty^UOU 



Solvent Numtier of A's 

0 4 



IM NaCl 100 30 20 

2M TKACi -100 70 30 

3M TMACl .70 100 40 

4M TMACl 60 100 40 



The following table indicates relative sianal 
intensities obtained, with octamers containing 4A's and 
40"$, at different hybridisation salt concsntrations. 
It can Ids seen that the signal intensity is 
dramatically increased at higher concentrations of 
TMACl. 

Relative_Inteji^_itl es_ ,at different Salt Concentrations 



35 



Solvent Yield of hybrid 



1M NaCi ' .100 

2M TMACl 200 

3M TMACl 700 

4M TMACl * 2000 



In conclnsion, we have demonstrated the following; 
1 . It is possible to synthesize oligonucleotides in 
good yield ori a flat glass plate. 
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2. Multiple seqiieuces can be syuthesised ori the sample 
in small spots, at high density, by a simple 'manual 
procedure, or automatically using a coruputer controlled 
device , 

5 3* Hybridisation to ths oligonucleotides oii the plate 
can be carried out by a very siraple procedure* 
Hybridisation is efficient, and hybrids can be detected 
by a sbort autoradiographic exposure. 

4. Hybridisation is specific. There is no ;detectable 
-jg signal on areas of the plate vhere there are ko 

oligonucleotides. We have tested the effects of mis- 
matched bases, and found that a single misiuatched base 
at any position in oligonucleotides ranging in length 
from 12-mer to ig-mer reduces the stability df the 
^5 hybrid sufficiently that the signal can be reduced to a 
very low level, while retaining significant 
hybridisation to the perfectly matched hybrid- 
s' The oligonucleotides are stably bound to! the glass 
and plates can be used for hybridisation repe;atedly. 
2Q "^^^ invention thus provides a novel- way of 

analysing nucleotide sequences, which should find a 
wide range of application. We list a nmnber of 
potential applications below: 
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Small arrays of oligonucleotides as fingerprinting 

and Hiaoolng tools ^ 

Analysis of known mutations including genetic diseases. 

Example 4 above shows how the invention may be 
5 used to analyse mutations. There are many 

applications for such a method, including the detection 
of inherited diseases. 

Genomic fingerprinting. 

In the same way as mutations which lead to disease 
can be detected* the method could be used to detect 
Doint mutations in any stretch of DNA. Secuences are 
now available for a number of regions containing the 
base differences which lead to restriction fragment 
length po lyircrph i sms (RFLPs). An array of oligo- 
nucleotides representing such polymorphisms could be 
made from pairs of oligonucleotides representing the 
two allelic restriction sites. Amplification of the 
sequence containing the RFLP , ^f o 1 1 owed by hybridisation 
to the plate, would show which alleles were :;resent in 

2^ the test genome. The number of oligonucleotides that 
could be analysed in a single analysis could be quite 
Large. Fifty pairs made from selected alleles would 
be enough tc give a fingerprint unique to an individual. 
Linkage analysis. 

25 ■ Applyin; the method described in the last 

paragraph tc a pedigree would pinpoint rec o*: i nat-l on s . 
Each pair o* spots in the array would give the 
information :hat is seen in the track o* the RFLP 
analysis, usin; gel electrophoresis and" b 1 ct t i ng , that 

30 is now routinely used for linkage studies. It -should 
be possible to analyse many alleles in a sincle^ 
analysis, by hybridisation to an array of allelic pairs 
of Q I i gonuc i eot i des , greatly simplifying the methods 
used to fin: linkage between a 'DNA po lyr^or;: ' i sm and 

35 phenotypic r.arker such as a disease gene. 

The exar.ples above could be carr i ed--aut using the 
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method we have developed and confirmed by experiments. 
Large arrays of c I igonuc 1 eot i des as sequence 

reading tools. 

We have shown that oligonucleotides can be 
synthesised in small patches in precisely del:er:ninec 
positions by one of two methods: by delivering the 
precursors through the pen of a pen-plotter, or by 
masking areas with silicone rubber. It is obvious how 
a pen plotter could be adapted to synthesise large 
arrays with a different sequence in each position. For 
some applications the array should be a predetermined, 
limited set; for other ao d 1 i c a t i on s , the array should 
comprise every seauence of a predetermined length. The 
masking method can be used *or the latter by laying, 
down the precursors in a mask which prod.uces 
intersecting lines. There are many ways in which *hi5 
can be done and we give one example for illustration: 

1. The first four bases, A, C, G, T, are laid in *our 
broad stripes on a square plate. 

2. The second set is laid down in four stripes equal 
in width to the firsc, and orthoccnal to them. The 
array is now comoosed of all sixteen d i nuc 1 eot i des . 

3. The third and fourth layers are laid down i'n f:ur 
sets of four stripes one quarter the widih of the first 
stripes. Each set c* four narrow stripes run s ...w i ft i n 
one of the broader stripes. The array is now composed 
of all 255 tetranuclect ides . 

4. The process is reoeated, each time laying down two 
layers with stripes which are one quarter the width cr' 

3^ the previous two layers. Each layer added increases 

the length of the c I i conac I eot i des by one base, ant the 
number of d i f f erent ^c i i ccnuc I ect i de sequences by a 
factor of four. 

The dimensions cf such arrays are determined by 

35 the width of the strices. The narrowest . stri pe we 



have laid is 1mm, but this is clearly not the lowest 
limit. 

There are useful applications for arrays in which 
part of the, sequence is predetermined and part made uo 
of all possible sequences. For example: 

Characterising mRNA populations. 

Most mRNAs in higher eukaryotes have the sequence 

AAUAAA close to the 3' end. The array used to -analyse 

mRNAs would have this, sequence all over the plate. To 

analyse a mRNA population it would be hybridised to an 

array couioosed of all sequences of the type H AATAAAN . 

^ . m n 

For m -f n = 8 , which should be enough to give a unique 

oligonucleotide address to -icst' of the several thousand 

mRNAs that is estimated to be present in a source such 

as a mammalian cell, the array would be 255 elements 

square. The 255 x 255 elements wo.uld be laid on the 

AATAAA using the masking method described above. With 

stripes of around 1mm, the array would be ca, 255mm 

square.. 

This analysis would measure the complexity of the 
mRNA population and could be used as a basis for 
comparing populations from different cell types. The 
advantage of this approach is that the differences in 
the hybridisation pattern would provide the sequence of 
oligonucleotides that could be used as probes to... 
isolate all the mRNAs that differed in the popu rations . 

Sequence determination. 

To extend the idea to determine unkown sequences, 
using en array compos.ed of all possible oligonucleotide 
of a chosen length, requires larger arrays than-we have 
synthesised to date. However, it is possible to scale 
down the size of spot and scale up the numbers to those 
required by extending the ^.ethods -we have developed and 
tested on small arrays, Gur experience shows that the 
method is much simpler in operation than the^gel based 
methods . . ■ ■ 
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FABLE 1 



10 



For 




•pies 


3 and 4 array (a) 


was se 


t out as 


follows: 






20 


GAG 


GAC 


TCC TCT ACG 


20 


GAG 


GAC 


aCC TCT ACG 






36 


GAG 


GAC 


TCC TCT GAC G 


20 


GAC 


rip 


aCC TCT GAC 


G 




35 


r- \ r 
UMU 


GAC 


TCC TCT AGA CG 


20 


GAC 


GAC 


aCC TCT AGA 


CG 




47 


r 

UnO 


GAC 


TCC TCT CAG ACG 


36 


GAG 




aCC TCT CAG ACG 




50 


r A r 


GAC 


TCC TCT TCA GAC G 


47 


GAG 


GAC 


aCC TCT TCA 


GAC 


G 


55 


.AG 


GAC 


TCC TCT TCA GAC G 


42 


.AG 


GAC 


aCC TCT TCA 


GAC 


G 


56 


..G 


GAC 


TCC TCT TCA GAC G 


42 


..G 


GAC 


aCC TCT TCA 


GAC 


6 


47 




GAC 


TCC TCT TCA GAC G 


42 




GAC 


aCC TCT TCA 


GAC 


G 


42 




.AC TCC TCT TCA GAC G 


36 




.AC 


aCC TCT TCA 


GAC 


G 


35 




..C 


TCC TCT TCA GAC G 


36 




..C 


aCC TCT TCA 


GAC 


G 


35 






TCC TCT TCA GAC G 


36 






aCC TCT TCA 


GAC 


G 


35 






.CC TCT TCA GAC 6 


36 






.CC TCT TCA 


GAC 


6 



15 



20 



2C GAG 
20 QAG 
20 &5£ 
20 Gi£ 
20 QAG 
20 QAG 
20 &^ 
20 &^ 
22 G^C- 
22 

25 42 Gi<G 
52 G^C- 
42 ..iC- 
42 ..G 
37 ... 

30 32 ... 
32 ... 
32 ... 

w— L 

35 eve'- 



examole 3 array (b) was set out as follows: 



GAt TC 
QAt TCC 
Git TCC T 
■GAt TCC TC 
y^t TCC TCT 
GAt TCC TCT T 
2At TCC TCT TC 
G\t TCC TCT TCA 
G5t TCC TCT TCA G 
GAt TCC TCT TCA G\ 
G\t TCC TCT TCA &=C 



20 GAG G^C TC 
20 GAG GfiC TCC 
20 GAG GAC TCC T 
20 GSG GC TCC TC 
20 GAG GAC TCC TCT 
20 GAG GC TCC Ta T 
20 GAG G^C TCC TCT TC 
20 G\G G3C TCC TCT TCA 
42 G^G GC TCC TCT TCA G 
47 G;\G G^ TCX TCT TCA -G^ 
52 «G TCC TCT TCA -G^ 



20GaGGaCaC 
20 GfiGGC aCC 
20 GSG GflC aCC T 
20 Gac GfiC aCC TC 
20 GflG G=C aCC TCT 
20 GAG GSC aCC TCT T 
20 Gs«G GSC aCC TCT TC 
20 GAG GAC aCC TCT TCA 
20 GiG GAC aCC TCT TCA G 
:2 GAG GAC aCC TCT TCA G^. 
42 G\G GC aCC TCT TCA GC 
■Gy: TCC TCT TCA G^ G 50 GAG G=C TCC TCT TCA. 'G^ G 52 GAG GAC ad TCT TCA G^C G 
TCC TCT TCA GC G 52 .AG G^C TCC TCT TCA, G^C G 42 .AG Q^C aCC TCT TCA GC G 
■G^ TCC TCT TCA GiC G 52 ..G G^C TCC TCT TCIA. GAC G 42 ..G GC aCC TCT TCA GAC G 
G\t TCC TCT TCA G^ G 47 ... GC TCC TCT TCA Q^C 
..At TC: TCT TCA G^ G -42 ... .AC TCC TCT TCA GC G 32 

..C TCC TCT TCA GAC G 32 
... TCC TCT 32 
^en the three colunrrS of array (b) listed above, were two 
-ns, in which bases 6 and 7 from the ;=~t were missing in 

line. These sequences all melted at 20 or 32 degrees. 
; mismatch base (.) missing base. 



..t TCC TCT TCA GiC G 42 
... TCC TCT TCA G^ G 32 



G^C aCC TCT TCA G2C G 
.PC aCC TCT TCA GiC G 
..C aCC TCT TCA &iC G 
... aCC TCT TCA G:£: G 
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CLAIMS 



1. Apparatus for analysing a polynucleotide sequence, 

5 cofi^prising a sapp'ort and att:ach8d to a surface thereof an arr^y of 
the whole or a chosen part of a ccmDlei:e set of oligonucleotides of 
chosen lengths, the different cligcnuclectides occupying separate 
cells of the array and being caoable of taking part in 
hybridi-saticn reactions. 

10 2. Apparatus for studying differences between polynucleotide 

sequences, ccmpi^ising a supj)ort and attached to a surface thereof 
an array of tne wnble or a cHDs^en par'c or a /.cmplete set of 
oligonucleotides of chosen lengths ccrrprising -the polynuclef^tide 
sequences, the diferent tl^gGnu-cleotides occupying separate cells 

15 of the array and being caDaole of taking part in hybridi-sation 
reactions. 

3. Apparatus as claimed in claim 2, wherein the array 
comprises one or more pairs of oligonucleotides of chosen lengths. 

4. Appar^atus as clairned in claim 3, wherein the array 

20 conprises one or rr^ore ^airs o^" oligonucleotides of chosen lengths 
representing normal and mutant versions of a point mutation to be 
studied. 

5. Apparatus as clai^r^ed m any one of claims 1 pr 2, wherein 
the chosen length is froTi 8 to 20 nucleotides. 

25 6. Apparatus as clairred in any one of claims ) or 2, wherein 

the surface of the support to which the oligonucleotides are 
attached is of glass, 

7. Apparatus as claimed in any one of claims 1 or 2 , wherein 
each oligonucleotide is bound to the support through a covalent 

30 link. 

8. A method of analysing a polynucleotide sequence, by the 
use of a support to the surface of which is attached an array of 
tfee' whole or a chosen part of z complete set of oligonucleotides of 
chosen lengths, the different oligonucleotides occupying separate 

35 cells of the array, which method comprises labelling the 

polynucleotide sequence or fragments thereof to form labelled 
material, 
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applying tke labelled material Tender hybridisation 
conditiorLS to the array, and observing the location of 
thfi label on the surface associated with particular 
meinjD^rs of the set of oligonucleotides, 
5 9. - '2^ method according to claim 8, applied to the 

study of differences between polynucleotide sequences, 
wherein the array tne whole or a chosen part of 

the complete set of oligonucleotides of chosen lengths 
comprising the J)oiynt^cIeotide seqiaences, 
10- raethod as claimed in claim 9, wherein 'the array 
comprises one or more pairs of oligonucleotides of 
chosen lengths, 

11. h method as claimed in claim wherein the array 
comprises one or more pairs of oligonucleotides of 
chosen lengths representing normal and mutant versions 
of a point mutation being studied, 

12. A method according to any one of claims 8 to 1 1 , 
wherein the polynucleotide sequence is randomly 
degraded to form a mixture of oligomers of a chosen 

2Q length, the mixture being thereafter labelled to foria 
the labelled material. 

13. A rtfethod as claimed in claim 12, wherein the 

32 

oligomers are labelled with P. 

14» A method as claimed in an^lan^-of claims 8 to 11, 
wherein the chosen length is from 8 to 20 nucleotides. 

15. > iriethod as claimed in claim 8, where the set of 
oligonucleotides is attached to the surface as an array 
of parallel stripes, and at least two polynucleotide 
sequences are analysed simultaneously by applying the 
labelled material to the array in the form of separate 
stripes orthogonal to the oligonucleotide stripes. 

16. A method as claimed in claim S, wherein 
hybridi-sation is effected in the presence of 
tetramethylammonimuchloride at a conoentratiqu of 1M to 

35 
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